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nggs factories and detectors

o

nfermafional linear Cohder

CEPC
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Taikan Suehara, ILC-Japan KZhfE 1) —X, 3 Oct. 2024, page 4



ILC&th D ETIE O LE8R

!f‘iﬁ/ vs FH#Z

— Rz TILF—HLoRTE, BiFE (~factor 2), {RIBIZFI =
— [#2: luminosity (250 GeVULT), E5EZE A,
NFAATAF —~DEILIZFI S (ERT100km K [RIXF AT EE)
+ ILCLDIRFEAZTAH — (ie. BBIRE vs BIRE)
— =& mature design, luminosityAAH 3 LY, B A PLOFF
— #{Ri&: advanced design, gradienthHH 3Ly, EERE N OOEFF
(X°%°: order 10%, 22 D ERFH?)

250 GeV HFEL THRTE (M2 & A ERT L)ILCIEREIZRZ 5
- 250 GeV Higgs factorylZE DKL WEEMN? (R TEamlLE )
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Circular and Linear collider?

Lepton colliders ( < 1 TeV). ITF Snowmass 2022

» Luminosity @ 240/250 GeV 1002b~!/yr
— A few times higher at
circular colliders 10 ab~"yr
. . : D
* Luminosity @ 350 GeV
— Less efficient with circular o 10%5) ki Sian === P
- Polarization - T
— Obvious in LC | | \ T ~ | oot - fyr

— Not excluded but not
guaranteed in circular

« Self coupling, ttH

— Indirect only in circular

10 fb =" /yr
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ECFA Hnggs factory studies

] § P : ECFA workshops on
S A : -\‘ ' e+e- Higgs/EW/Top
factory

Higgs factory D43/ AIZE sz (3B R H %
B > ECFADIEIRD THEDYIR/AIERR
VN DIREICED RS,

* Workshop
F1ODEERE. B[O Dtopical=iE
S A https://indico.in2p3.fr/event/32629/
WG 1: Physics Potential ° Working groups
::::.-:::-|-|'..-'er'|n:-|'::.:_F=a ick }i::I'I:'l:'E nburg (MIKHEF), Jenny List (DESY), Fabio Maltoni (UC Louvain / Bologna) and Jorge de PhySI CS, An aIySIS, Dete Ctor

* Focused topics
16Mphysics targetlc ¥ U TR, BRI,
BIEERDexpertzEHTER
20245 K |CreporticE &6 3

adova / CERMN), Fulvio Piccinini (INFM Pavia) and Dirk Zerwas (IJCLab/DMLab)

Conveners: Mary Cruz Fouz (CIEMAT Madrid), Giovanni Marchiori (APC Paris), Felix Sefkow (DESY)

_;.:_-:-_.-1I|II|HIr work in spring 2021, the third one was formed later, after finalisation S ECFA deteCtOF R&D eﬂ:ort
technologyBllMDRD collaboration (2024-
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B F-EEF Target Energies

Oblique parameter;RTE, W/Z mass, b/t 5 %5 85

Higgs $& & EHGRAITE (C1%), Higgs#hARIE (EXL\Fri1E)
(TeVETIRR HEIE )
TopEEDKRZATE > EZDLTEE

ices B OEES (10%) > WE LR

HERE3 A
Natural SUSY (250 GeV — 1 TeV) 1 TeV Higgsino 3 TeV Wino
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Higgs @ LHC
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GeV world MiEE
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FermionD & &4 X HENKE
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« Naturalness

« Composite Higgs?
« Multiple Higgs?

et {02 IO Higgs boson
AEMER

EvJRA BSM Barvon
by REZE £ Dark — (SUSY?) Asymr%etry?
D 7R ST Matter?
Neutrino
mass? Inflation?
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HiggsD & AR LS ImR-HEAE
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Higgs#& & DR T AIE

— 2 B ERIR 0D
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Higgs BR measurements

precision reach on effective Higgs couplings from SMEFT global fit

1 IHL LH C S2 + l ED"%! 1'3 B CEPC Z,,,/WWg/240GeV, ‘
mbined in all lepton collid narios) |JllCEPC +SGOGeV1 " IMILC/C? +350GeV, ,+500GeV, lCLIC +1.5TeV 5 B MuC 10TeV 4 i
Fler_ H Widm M ILC/C® +1TeV; BCLIC +3TeV5 B MuC 125GeVy g2+10TeV g

no H exotic deca subscripts denote luminosity in ab™', 7 & WW denote Z-pole & WW threshold
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Any HFs: ~1% (or less depending decay channels) BR of dominant decays
« Factor 5-10 improvements from HL-LHC (except uu and vyy)
—> fingerprinting BSM models
Much more model independent: total cross section, total width,

30-param SMEFT with various electroweak precision measurements
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nggs’ﬁn‘“l Z&BHBSMDiE: R

MSSM (tan =5, M, =700 GeV) o Minimal Composite Higgs Model 5 (f = 1.5 TeV)
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Higgs Coupling Deviation from SM
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Higgs& 8L g =

[CJH—inv.(BR=10%)

* LHCTTeVET#MENR Z 70 i E
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2L—/\—|ZH9 455

FCC@Z-polehb/tMDphysicsMTEAS_EIXEEN TS

— ILC@Z-polelFluminosityh’ B Y%iL D Trare decaylddElY TEHLY
ILCTH TE Sflavor s
—H > bs, tu (4F(ZbsIXLHC TIXE &)

— W inclusive hadronic BR = CKM unitarity (LEPTb-factory&[EZ7?)

I'( W — hadrons) /T'ota

OUR FIT value is obtained by a fit fo the lepton branching rafio data assuming lepton universality. LH C ‘i Syste m ati C d om i na nt

VALUE (102) DOCUMENT ID COMMENT
67.41+0.27  OURFT

67.32 £0.02 +£0.23 TUMASYAN  2022F E? =13TeV
67.41 +0.37 +0.23 ABBIENDI 2007A E =161 — 209 GeV
67.45 +0.41 +0.24 ABDALLAH  2004G Ee, =161 — 209 GeV
67.50 +£0.42 £+0.30 ACHARD 2004) E
E

e =161 — 209 GeV
67.13 +0.37 40.15 SCHAEL 2004A e =183 — 209 GeV
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Top BEER/AGE FRERITE
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arXiv:1205.6497, Degrassi et al.
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Light top partners Alternative 2 |
o
20% =+
ILC Precision
10% —+ &
RS with Z-Z’ Mixing [34] SM
] [l
T T T T ( (
-20% -10% 10% 20% IR / IR

Light top partners
Alternative 1 [20] ®  -10% @ Light top partners [23]

Little Higgs [30]

5D Emergent [32]

° -20% @ RS with Custodial SU(2) [31]

RiEZHAWTESE.
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L

Higgs self coupling

Direct probe of Higgs potential s-channel &
Essential for electroweak baryogenesis '
(15t order phase transition

reqUIreS >1 O% more I) Signal diagram

(b)
t_ C h anne | t'+,_____77 ;

—e'+e - ZHH
—e*+e —» vwHH (WW-fusion)
e*+e — vwHH (Combined)

M(H) = 125 GeV  P(e’,e*) = (-0.8,+0.3)

E'._ '_7-_7-{_(_ _7-_7-__7_-7__" R ._ "’_{_—7__{_- _7__7__-7__7__""" v e7 —
Background diagrams

, Effect of insensitive diagram - next page
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Exien - Sralleross Section. Ultimate precision at linear collider: ~5% at 2-3 TeV
O(100) events / ab Taikan Suehara, ILC-Japan K[> 1)—X, 3 Oct. 2024, page 18



Higgs self coupling (cont.)

Effect of interference

— ZHH @ 500 GeV

— vwHH @ 1 TeV
SM

2 1TeV !

BSM @ 500GeV '

500 GeV: better at higher A (20% @ A ~ 1.5)
1 TeV: bestat 0.8 <A < 1.2, insensitiveatr ~ 1.5
Possibility for improvements Self coupling from
NLO ZH cross section

i NLO = Zu0oiLo (1 + kxCi )

Considered in FCC context

(since > 500 GeV impossible)

* Loop contribution

* Assuming no BSM loop
(qualitatively different

500 1000 1500 2000 2500 3000 .

's [GeV] from double-Higgs search)
- ~30% resolution feasible
at 250 GeV (FCCee study)

(to be investigated for LC)

Reconstruction of multi-jet environments
(Jet energy resolution, flavor tagging)
- Deep learning based reconstruction

Improvements possible but not easy
Taikan Suehara, ILC-Japan K= hf21)—X, 3 Oct. 2024, page 19
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 Compressed spectrum
— LBV FRAFERICEOFHAFD
BEMNERTLHVF)A
« SUSY TldHiggsino, Winoh\#&iB 3 571-
fihidecoupleL TLVS & B ENRYIZHEI1R

— LHC Tl disappearing track’z E &£ |
F- > % 1= T IR (L 2 (= £ IR) A0 s
« ete"Tldsub-GeVMsoft trackZztag TE A =8 Mass splittingAS1#7GeV (soft pion)

HBEEDXyYIZZLIZBHoNnD [ZHadron colliderl&& F

— [X(FENs/2 ETHh/IN—F 5
* Naturalness b &E:FES145100 GeVEEE DHiggsinold250-500 GeVTH/\—

« 2-3 TeV LCT1 TeV Higgsino DMZ BRI I Z¥E &
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Multi-TeVaS /4% —~ 0 RiEL

— mTRLL P> FPl3H3hFieiF. EREEAENH
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HBIizEEA (3.5 Tesla)
iR NS TR Bl FZrIT5
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PartiCIG ﬂOW Concept Different granularity
YRR R on ILD - ATLAS

Separating particles inside | T T -60% ]
jets to do track-cluster matching St F~30%,

mEARFAV~10% ==

T RLF I BEICEY )
'?eﬂ.‘“[]'rg ar calorimeters, EHMTOBHE

ighly-granular calorimeters 412, £ st

* Intelligent pattern recognition [ZEZ 5

Developed in ILC, first full application in CMS HGCAL at HL-LHC Possible to
.. obtain jet energy

resolution of

(partial use already in ATLAS/CMS)

~2 times better
than calo-only

Ejer = Eecar ¥ Encal Ejer = Evrack +E, + E, :
Taikan Suehara, ILC-Japan XZhfE1)—X, 3 Oct. 2024, page 27



Detector concepts — partlcle flow and others

= | WO (Similar) concept based

al ON reconstruction
Already mature baseline desigr
* Monolithic silicon vertex
 Silicon tracker

(inner/outer for ILD)
» Time projection chamber
(only for ILD)

SZITCE » Highly-granular ECAL/HCAL
with several options
 Silicon pads
— I 5 - Scintillator strips/tiles

» Resistive plate chamber
« Silicon pixels (MAPS)
« 3.5/5T solenoid outside HCA

Taikan Suehara, ILC-Japan K= h[21)—X, 3 Oct. 2024, page 28
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Requirement of ILC detectors

Machine background Bunch structure
beam strahlung trains of ¥1 ms at 5 Hz

conversions 1train =1312 x 554 ns Power pUISing
+ ILCONYFRBEICEDET

VERTEX pulsing

— _ i
i N ] it L BIR(EBim)ZON/OFF952&T

Ax~ 3 um

and Top-id resonance masses [~ | ~q 159 X,/layer = :ﬁgéﬁ ~ _g_
RBJ/Ji o

# B>3T ey Mt\m " DArQ (1 msS Oon / 199 ms Off)

TRACKER triggerless

HiFg{Z:ositlr;nhalzsng » A(1/pr) ™ 2.107 GeV! — A(1/pr) ~ 10 Gev? b‘etween trains jJ D IJ x — 9 T“ ‘iAS I C ‘: *%ﬁg

+ dE/dx

L e BHINTWS,

in jets

W/Z/Top-id : ins(i::eL?oil ,I‘E ﬁg%\1bi-d: < Em ﬂ.ﬁg

—— AE/E <30%/VE GeV'1/2 —— .
in multi jets _L high granularity
jet separation F———s particle flow

[=] e e e ) B s s | =
Xo5LE:

I 11111

SApm | Bunch Train \ 337 ns

0.3F . .
: il ILD tracker AT 1
) _ DYIEE Bunch Spacing x2820
UL

40 20 0
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Tracker options

Main tracker options: Sl == =
« Silicon pixel/strips B@-ﬁvb\a‘-zwx—( R5

« Drift chamber Dz <ERHE(>80%)
: M— dgating GEM

* Time projection chamber

Gas detector has advantage on

PID and continuous tracking while

single point resolution is better with

silicon sensors

Vertex detector: mostly MAPS of
~20 um pixel size

» Position resolution of a few um

» Fast readout to reduce occupancy
« Low material, cooling

Particle Separation (dE/dx vs dN/dx)

____

End P!ate
1 10
Momentum [GeV/c]

=
(=]
T

)
cC

=

=
=
L

/1,

Schematlcs of TPC PID by dE/dx (dN/dx)
Taikan Suehara, ILC-Japan KZEAfE21)—X, 3 Oct. 2024, page 30

Useful thickness: 20 — 1



B LRI —HFAH
BLVIBICASTT DL,
I — (BRI YT —,
NRAYONT—) TR
> VY —DEEREZE
4R T THIFE - imaging calorimeter

PFA Calorimeter

— HCAL ERHO |))(;9&
| NkOrAhno) A—A4|Z

' DAIRTIND
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B ALTH/OUHER
ShTNS
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BiEHOY A—42

B RAToEE Y —D
"Eﬁnux 2 (20-30[2)
=t Hjblﬁlftﬁ(AS|C AR
o —ERIZDFE I
|ranscns Eoctan

MAPS CAL
'Jr1 O7~89"vz?~)lx nigE

Absorber

e ——— -

Readout
electrode

’U:ytyﬂ— "
EML\,\HI%FJ%

’ - Noble liquid (LAr) calo
— i reasonable granularity
with better EM energy

\h resolution

Taikan Suehara, ILC-Japan KZEAfE21)—X, 3 Oct. 2024, page 32




AN =5 =UF

7 ARPC

Readout pads

PCB interconnect (1crr1/x lem)

PCB (1.2mm)+ASICs(1.7 mm) / Readout ASIC /"‘
(Hardroc2, 1.6mm) /

Mylar layer (50p)

PCB support (polycarbonate)

Gas gap

Cathode gle}ss (l.lmm)"“.“
Ceramic ball spacer (1.2mm) + resistive coating ;

\
Glass fiber frame (~1.2mm) /:nodE_: ?_Iass (0£7mm)
resistive coating

/" Mylar (175p)

Cassette

Front-End ASICs

HCAL Base Unit (HBU
(144 channels +
4 SPIROC ASICs)

absorber structure
(half-sector)

DAQ interface boards
, CALIB, POWER
on Central Interface Board

HCAL ECAL Sector Connecting Plates (10cm)

SIS sigedodle Taikan Suehara, ILC-Japan X255 1)—X, 3 Oct. 2024, page 33




Recent focus: timing measurement

Possible application at HF detectors
Pileup rejection? (for circular HF)
Hadron PID with time-of-flight ~30 ps
Improving particle flow performance
(5D imaging calorimeter) ~10 ps
Photons from b/c hadrons ~3 ps
Needs innovative sensors & software

Several technologies recently

targets < 30 psec timing measurements
« LGAD (silicon)/ SPAD
 Scintillator / Cherenkov based

« RPC /gas based

Still significant effort
required towards Calorimeter
| realistic design at HF

Cherenkov detector SE—

external glass

Gas Radiator

Midplane

Charged particle

SiPMTs
Forward RICH
and
calorimeter

Cherenkov light
Cherenkov radiator

UV-photocathode

Taikan Suehara, ILC-Japan XZ:hfE1)—X, 3 Oct. 2024, page 34



Resent focus: applying deep learning

Particle flow with Graph Neural Network Flavor tagging with GNN/Transformer

Adding track-cluster matching to HGCAL Applying algorithm developed at
lustering algorithm CMS flavor tagging: 5-10 better
rejection than old (BDT) method

o ILC Simulation - Unsorted Sample - 20 Epochs

i\_l
1

—
)
~
o

b tagging

GravNet Block

l GravNet Block

h

Dense -64
GravNet Block
GravNet Block

Concatenate

Batch Normalization

Global Exchange

[
fi= M?x(f;l';)

w
=
ReX
O

(@]
-

| -
Qo
=

Q

(4v]
]
g=]
g%
=

Jet Misidentification Probability

02 04 06 08 1 %

0.0 0.2 0.4 0.6 0.8 10

b tagglng efficiency Jet Tagging Efficiency
b-tag 80% eff. c-tag 50% eff.
Method c-bkg uds-bkg c-bkg uds-bkg
acceptance acceptance acceptance acceptance

LCFIPlus 10% 1% 10% 2%
. , I e — ParT 1.29% 0.25% 1.02% 0.43%
Good synergy with hadron colliders Taikan Suehara, ILC-Japan X%/ 1)—X, 3 Oct. 2024, page 35




AER/RVV/AMFRAT ISR E(LBERR

BEMEEYL/MRFEEQIE=OTILIHEDBIZERNEHLNTET- O
MEMER TN LN D DOH D, FEKEBRD=-HDERBMEDIZRED AR
KEKIZVN SN TLVS,

Development of large solenoids for future detectors

=

1. BROBEBAKET LIRELBH OB
CERNA LT IILIRE LR EAEFEEBELK @* C:E ( I
2ELTLS A, TRITH AL TUL, ;‘PP - F ) -
- BROWESRBRENLOERERME. /
B bl C ORI REBE. A\ T‘ | fﬁ;‘;f;ﬁso’“’y””""”
ARELERRBOERBRAGNEHNTH, o L L N dotion
CERN~IREL . BITBEDV 8T —EB B qunger Winding Deileo WD)y

TJI/E*EEjf D {t%% D *ﬁ%ﬁto ‘\ . ’ﬁ\ o —r ". $C conductor

f'rom Factory

2. YL M PREA S0 i — (CMS based machine)
ILDZE—DDXRELTEHMERE (HIBFT R, ICHFE. ' —
VIVFEE. AHHES) 175,

ML DOEERRITOVTRE. BEt,
CMSOEHZDRAE (IMILED2—ILDFYFLY)
BixtE (ZBERRNES) DR
BRIREESTETILACILOIERL BiEITH M5B
RITERDBRIEZET D,
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Summary

o tHR(ZIX4%R & 7EHiggs factoryEtEI D S
—ENM—DOEHLFLY
— BRI RILE—IREREEOR N, ARIT/ANFOADEREMNTEY
—ILCIZBRIZESTELNAT LTy
¢« BIRIIF—TREVEDI—TyEDHS
— Higgs/E 58 Z A E T KOOI EER
— by TREZAITE . HiggsB 254 . Top Yukawa
— IR EIEIER (1 TeV Higgsinoh &R a—45vk)
- ﬁ%ﬁﬂ’]@uﬂ“ﬁ%ﬁﬁﬁ%’\émé c_fd~ xj]?ﬁ‘%)t.(
— HEIAEDIEZIELI=LY
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RS /9—LARASIE—
Lepton colliders (< 1 TeV). ITF SnowmassZ[}2/2 W . 91- 160GeV
S — Qa4 3 —hF #
1036yt ($RFZERLTIXHAZIZEL Muminosity | ZEl3ZE A])
e 250 GeV
T EWERE— L 2254 5% —H P E L Mluminosity
BS54 —DIRIBIZEY Y Ereach(X B
e 350 GeV
Q254X —TCHR[BE=DNR TSN E F
e > 500 GeV

( .ﬁ/ERL’C55O Gevm%U%U £I|3Z ] E)

Note: FCCee M iE: %liILCSOOc‘_‘mOOO)FEEKbL\ pplZL7ZELNET R/ NB Zunreasonable
MR > 250 GeVIXEBHHEMNFEREICKEZL GREMIZIXERLALED)
ERLEMTIEIRIBMEIFSNTULALNEREIZIZZLDEENHD
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BT S R D \ e —
(barDEDRENE I 2 FZOEE TRENTIEE BiAEN 35H) FCC-hhy = @R 52 HBIGELC

2022 2030 2040 2050 2060 2079 o VATLELTEREM
Euro-XFEL (23.6MV/m) c31|.lgm(ai 38%((1:())(25;{@ Z].]sn-,l';\i\lllooo + £5MW x 16000, —o10Teve Bsi:b '% L ! - I]E - 2030ﬂ£
Lozsocevesons | 0 RIZRERIZEIR AT 6E

‘ (mu|ti«:avity§'€1ﬁﬁ\52trlzbglf:f-g!\g\m ;ET:E OJ 2] l] E"Lg EE ‘i 15 w

2040-45¢ 51\?) _ ~ =] 3
nozazomym w iz 100 MV/ m*i F:"x_ i T
(multi-cavity R&DIC % & BIE+BEIC D 1 2R&DT20-2547) RS s 0
B Nb2E5F % /@8 1 00MV/m _ 7‘\/7 7 l/_ l\ / \X

(2030~-40%F(C IZmulti-cavity TR TE 57) S
> e . . (2-3 TeVhH¥max energy)
KEK ATF/ATF2TE— LB ¥ BB SRR BN, BBTEGY LC ]:i 1;1'\]' O—k< W)

DFIFESLE5-10E < 51W? ke, J— o
SACLA@SPring8, C-band w/ cocling 70MV/m by i}i _F é A/@ ;JJEJ_ ;ﬂ- Jﬁ é 1§ l% {K %: LC -
i e e « GC-band[FEFZZE(TDL

w/ ~35MV/m C-band) -
C-band w/ cooling 120MV/m Z0ABLT550GeV upgrade &8 E. —— - L S N
(7OMV/m@limiti2RF power source. ) 3TeVicL &5 &9 3 Emain linacEA TES50MWD BFEL D ﬁ < f-d~ é A I H E 'li b\ E é b\

=JL= =
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CERN test facility CdemoF#? = N g*:&) < é)
C >10TevAssiaing 7 =1\ /o

- R
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e*e" collider projects

« {RFZINEZS

ILC (HA) 250 GeV (#1#1) > multi-TeV~
HIGELC, 2030F K Z2F DEHZ B I . mtmatureldproject

_ CLIC (CERN) 380 GeV > 3 TeVA

#InE (X-band)LC, FCCMbackup optionEL TEE%->TLVS, CERNE A TOEERHI — G RIRE

_ CCC (US) 250 GeV > multi-TeV~

AHEILZE(C-band)LC, £18E%ETIEPre-CDRL AL, Fx5E T2040E K DEIH

— HELEN (US)

FHBIRELC, travelling wavelZ&YBEWWINRE A EZHEE,, Pre-CORL AL TERIERETHE I M5,

172 IN1R 25

— FCCee (CERN) 91 GeV - 250 GeV - 350 GeV

— CEPC ([E)

FCChh&tyhMETE, 13 BCHF (ILCMD2f5LL L), 2048FE MG =M, 250 GeVEIZEILEIZ10FR?

FCCeedkW PO RFRIG/NTA—R, KESIXREFIEE, CDRL AL, NFAVDETE(SppC)E#H 5
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» ILC-Technology Network
« Inter. Expert Panel
mﬁmmmmmmm 1 o1z [T
Sa— A:S;’::ase

Pre-lab phase Construction phase Physics experiment
/ h - -
F=UFIVvEF
RERIES - Joint Pre-lab ILC construction
o W R&D by ILC Lab.
K International Pre-lab organized ILC lab. based on
- | WRARGRLE Development by MoU’S among the Governmental
s e team under ICFA the relevant labs. agreement
ILCWEEGmEﬂET. - =JL -l L ~ — NS
e ot i [pre—lablLILCEEZZRIIRELZLN ITENRE

NES B%Tﬂﬂjj 'C E $‘ L 'g—%) E B%_Ej mpy NG OI\J | Primary cost drivers for the ILC
HRIRENMNEZE R, MNEF12 km, £&K20 km R

HDJE/_J@E:FVQ32 MV/m +fﬁ9’i~0)ﬂ',‘|‘f—|~ V- :T:::

EIN =1 iTiR=E ERNIZT2a =T/ DEIE = Rings s
s TREEARHOWEL., RELEOREIZLSEER L .
- BEFR.FVEVTIVT HZRIGKE. E—LFT i
- //\I]EBEODT%NEXH-I- EF*&‘[TT@EE_L 0.7%

e T R-BEROFEMFRET-IREBET7TERAAUNGE
ILCHIMERZFDIRNRIFLY: 5152-5830{85 F (+25%)
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HERABEZER MEVDEED

70MV/m

Nbi#E{zE
BRI A)
(Travelling Wave)

Nb#B{rE
(ZEREAR—T ) ZEFEA)
(Advanced Shape)

45-50MV/m
@FNAL

: RRTHECLS
(BIEERRLE)

QfiEeiE

/[ EH
NbiB{LE

(ZEER—127-ZREA) mTRL3-4

e 42-45MV/m
e

mTRL2-3

MR B RO RIS T
ZZ9C. REICHS
NUT7OIEEEREIEE
ShETE
B EIER TS 20MV/m
(BIRMEHD)

Nb3SniB{niE
(2022F=245 @ 4K)

FriB{mEr R

FAREAL =GERLL

ZE it

Possible upgrade 7+ A
e —20504: 250 GeV Higgs factory (FRmEIALIE

mTRL4

ILC (upgrade path)

e 45-50 MV/m
TREENEDONE
GFELWFIFILCIZZFEDEE[FZ D)
e 60-70 MV/m
ZRZIRDUE - ETEIREE
GRARETH A2 ZHE, upgrade )
e 100 MV/m
BEEERE (REEIFDRRE)
« TN L

FEIMRIZEZHRZ or afterburner

DHRENKITNILIS0 GeVE?)

e 20504 — 550 GeV - 1 TeV with 60-70 MV/m GEIIEFH)

e 20704 -: 2-3 TeV with 100+ MV/m GEJ&)
B 1176 L CTIRAR BRI A AV h E2?)

Taika

BREFZEROESHANDE
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Numbers are for 100 km ring

F. Gianotti, Snowmass Summer study s LIP (ma) | Int. L/IP@ab? | Comments
ete- ~90GeV Z 230 x103 75 2.4 experiments
(Fco) FCCee ecee |10 | @ | % ;
hheshe 240 H 8.5 25 Total - 15 years of
X ~365 top 1.5 0.8 operation
G I¥—
J H E 9 1 . 1 km 3 2 I P, I * pp 100 TeV 5 x 103 2+2 experiments
Injection 7 = - Total ~ 25 years of
into booster . imuth = -10.2° Uop f A o5 TbtoN arat FCC-hh 30 20-30 K y
R 01350 GeV
/888 =1400 m Injection into collider &1 : 7 o S L PbPb sy = 39TeV 3x10% 100 nb'/run | 1run=1month
Technical ste | d ., ~Beamdu s+ B technical - operation
400 MH RFPL LSS =aetm [ Lss=2160m Mo iealste AR AN o N FCC-hh
z AN s ¢ 4
. : p 3 +* PL: technical AR ep 3.5 TeV 1.5 103 2 gb-! 60 GeV e- from ERL
| y 3 ¥ \ Fcc-eh Concurrent operation
) N : e K/ ol Gore o with pp for ~ 20 years
Arc length = 9616. se6m_ . booster gl
St - - ey e-Pb. \sey=2.2TeV | 0.510% 1 fb-t 60 GeV e- from ERL
SS5 = 1400 N . ‘5 e L o W C PD: 4'e‘>‘<per|ment Fcc-eh Concurrent operation
I Sl = P A \ o ith PbPb
(Optional + FC,C ee Iayfs_Oquﬂ (Optional \ with £050.
E_xp'eriment ’ - ~ N E_np'eriment e ‘,\ :
site] site] \

" PJ: experiment

. Feasibility Study:
el ~ /0 Focus is on FCC-ee and magnet R&D

PF: technical .

o v / Q ~ 40 MCHF/year from CERN budget (half for magne
/ Additional funding from EU and collaborating instittL

O Results will be summarised in Feasibility Study Repo
N :EN B B s KN ¢ K

19 FCC-gg, ( 10 years ] FCC-hh, + N = — N
LY LEHEDBAELFSISET
FeasbiitySudy | ESPP | ot years op :ZI\ =1 t,‘ /'\O)nﬂ =H FSIZ =
FCC-ee dismantling, CE
Geological investigations, infrastructure Tunnel, site and technical & infrgstructure
detailed design and tendering preparation infrastructure construction adaptations FCC-hh )
Possible schedule
FeC-es accelersorand dkecior RED end echnica i e ey (taking into account resources constraints):
design consfruction, installation, commissioning .

O project’s approval by end of decade

L il O construction’s start early 2030s
- O FCC-ee operation: 2048-2063

Betatron &
momentum
collimation,

Technical site

N
Technical sité -
=1 LSS =2160 m

|
|
|
1
N

e | ~
I
|
LSS =2160 m |
I

800 MHz RF $SS=1400m

W PH: technical
PG (Experiment site) st

. PG: experiment |

_ :igm%:;&tﬁ (10 years Z, W, H and 5 years tt)
Purely technical schedule Technical schedule: operation starts early 2040s
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CEPC

CEPC

& 100 km, 2 IP, TRJLE— 91-240 GeV (+ 360 GeV)

Y. Wang, Snowmass Summer study

Strong support from MoST, CAS and NSFC, at a
total funding level of >40 M S

CDR completed, TDR to be completed soon

U 2013-2025: Key technology R&D, from CDR to TDR, site selection, international collaboration

etc.
O Ideal case:

Us) (N}
~ Q7

7

$
7

[Ideal schedule ]

Approval in the 15 Five-Vaar Plan_and start construction (~8 years)
& 151 5Y

Pre-

Construction

Construction

Site selection, engineering design,
technology & system verification
= Accelerator TDR, MoU,

Ideal Accelerator Roadmap

2016-2021 MOST phase-1 accelerator R&D a
2018-2023 MOST phase-2 accelerator R&D
2023-2028 MOST phase-3 accelerator R&D
2022-2023 Accelerator TDR completion
2023-2025 Site selection, engineering design,

o ¥ &
@ [ . — — _¢ .
Data Taking SPPC
- (pp/ep/eA)
Higgs Z W

lal collaboration

et

Operation mode ZH Z WW- | tt
J5 [Gev] “240 | ~91.2 | 158-172 | 360

L/p | COR(018) | 3 | 32 | 10
[<10%em?s™] | latest | 50 | 115 | 16 | 05

prototyping and industrialization
2026-2034 Construction and Installation

bt & HTS cable R&D

—]

2016-2021
2018-2023
2023-2028
Now -2024
2025-2026

'| 2027-2028

2028-2034

Ideal Detector Roadmap

MOST phase-1 detector R&D
MOST phase-2 detector R&D
MOST phase-3 detector R&D

Seek collaboration, detector R&D
Prepare international collaborations

Detector TDR completed
Detector construction

2033-2034 Installation
HTS Magnet R&D Program :

Taikan Suehara, ILC-Japan K= h[21)—X, 3 Oct. 2024, page 45




CLIC

X-band BIGELC, 2E—LAK or iERX(Z A A AV AR

380 GeV

Two-beam acceleration scheme
power extraction and transfer J
1

1 472 klystrons, 20 MW, 48 ps

drive beam accelerator Drive beam Complex

1.91 GeV, 1.0 GHz

2.0 km
delay loop 73 m » CR2

@95’” @140 m
L L e

decelerators, each 878 m

Rt Lo T Lo
TA radiu 300\»\)

decelerators, 4 sectors

e* main linac, 3.5 km

(TAJ\— e~ main linac, 12 GHz, 72 MV/m P 22k
\

\ / Main linac length 11.4 km

CLIC goals:

O finalise X-band technology towards construction readiness
(accelerating structure’s conditioning and manufacturing)

O improve power efficiency (e.g. klystrons)

O optimise luminosity for first-stage machine (beam dynamic studies,
machine alignment and stability, etc.)

- “Project Readiness Report” by end 2025 (as input to next ESPP)

Bhof-bIlTTlEieh o1= (FCCRE TIZEFE?)
f=12LFCC FSD KO IZZEEDFEMNDLNTLNADIFTIEALY

Taikan Suehara, ILC-Japan X=EihRS1)—X, 3 Oct.

E— L ANEIXEEFH
« REHXFEDHEER (cf. XFEL for ILC)
T NHEHEDRE

Parameter

\s

Tunnel length

29

50

Gradient

72/100

72/100

Pulse length

ns

244

244

Luminosity
(above 99% of s)

1034 cm-2s-1

1.5
0.9

3.7
1.4

5.9
2

Repetition frequency

Hz

50

50

50

Bunches per train

362

Bunch spacing

0.5

Particles/bunch

5.2

Beam size at IP (o,/0,)

2.9/149

Annual energy consumption

0.8

Power consumption

170

Construction cost

5.9

2024, page 46




C3 (Cool Copper Collider)

C3 - 8 km Footprint for 250/550 GeV

) . ac2
Main Linac
\/\
245 GaV
/ Beam

RTML —_Delivery

Polarized Damping Ring
Electron Source ’

e < Pre-Damping Rin
3GaV \7 p g g

- i0m -
— 3GV

3

0m———

Positron Source sem—

Collider C3

CM Energy [GeV] 550
Luminosity [x10%4] . 2.4
Gradient [MeV /m] 120
Effective Gradient [MeV/m] 108
Length [km)] 8
Num. Bunches per Train 75
Train Rep. Rate [Hz]
Bunch Spacing [ns] i 3.5
Bunch Charge [nC] 1
Crossing Angle [rad]
Site Power [MW]
Design Maturity

1m prototype

i ‘,ll;!‘%xf‘l;‘\"\*i
= f‘k?‘l"kl‘lf‘k}\?
| z -muw}-\}\hr
F—
lx = e
w"w‘- |
| «;W W‘\#\J"W‘\l [ v
'] : A1 AP
( \f\l‘\;‘\;‘\l\

2019-2024 | 2025-2034

2035-2044 2045-2054 2055-2064

Accelerator

Demo proposal
Demo test

CDR preparation
TDR preparation
Industrialization
TDR review
Construction
Cominissioning

2 ab~! @ 250 GeV
RF Upgrade

4 ab~! @ 550 GeV
Multi-TeV Upg.

Taikan Suehara, ILC-Japan KZihRI1)
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HELEN (Higgs-Energy LEptoN collider)

Higes Energy LEptoN HELEN) Colkider Parameter Advanced SW{| Traveling wave Nbs5n
Accelerating gradient (MV/m) 55 70 90

Fill factor 0.711 0.804 0.711

Real estate (effective) gradient (MV /m) 39.1 55.6 64.0

Cavity ) (10'%) 1.0 (2 K) 0.69 (2 K) 1.0 (4.5 K)

Active cavity length (m) 1.038 2.37 1.038

Cavity R/Q (Ohm) 1158 4890 1158

i ‘ : . Geometry factor ¢ (Ohm) 279 186 279
Option 1: Advanced geometry standlng wave (SW) g"“fa?“ mT/(MV/m) 3.71 2.89 3.71
. . ok [ Bace 1.98 1.73 1.98

structure operating at 55 MV/m. Combing and Nooaber of cavibics 1350 1597 o677
advanced cavity shape and new treatment recipes Té‘uﬁer 1°f cr:;fonﬁodules 505 82 309
should allow reaching accelerating gradients of AC o o lnacs (ATW) 1 30 5
~60 MV/m. This version is essentially the ILC with Total collider AC power (MW) 121 110 129

different SRF cavities operating at higher gradient.
Assuming the LSF accelerating structure operating
at 55 MV/m, the HELEN collider would be 9.4 km [Z V) V=l

long. ILGC in US.
Option 2 (baseline): TW structure operating at 70 F~ELTW
MV/m. The traveling wave option assumes an =
accelerating gradient of 70 MV/m. With structurelZ
accelerating structures about 2 times longer than EENHD N _
the ILC (TESLA) cavities, the fill factor increases to 113 —

80.4% and the collider will be 7.5 km long.

™~ HOM coupler |

flange 115.4 mm power cou| pler

Travelling—wave structure

Taikan Suehara, ILC-Japan KZ:hf1)—X, 3 Oct. 2024, page 48



Higgs factory® ¥ 38/ 5E 3% BA 7 HL B
« FRINDEIE
— EPPSU#. F3ka54 4% —4FIZHiggs factory® Bl 7E 25 B F & HE A
(ECFA detector R&D roadmap)
— FCCeeMAIERRIZILDOCLICESBLTTHA/oan TS
Bt AH LD T=HCupdate N IHE + FFE il (pixel, timingZE)+
+ REOEE - —

— SnowmassTILFFEIASAF —D
I E 28 F % endorse > P5A

« ILCIZFCC(ECFA)D¥IE/BIE LD
momentumz ;EFAL =LY

IO

Full silicon tracker Ultra-light drift chamber
3D High granularity calorimeter Dual-readout calorimeter
I L D ‘j: FCCGG t.l-ﬂ’] jj l/-t ‘b 0 —C L \ < 7|j_ r_.l Solenoid outside calorimeter Solenoid inside calorimeter
z SO nd CLD at
derived from the CLIC detector new, possibly more cost effective design

FCCRITESS. Ch LIoM ZLar¥oCrystal ECALDIREL
Taikan Suehara, ILC-Japan K= 1)—X, 3 Oct. 2024, page 49
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